Objective: To examine the association between compliance with accreditation and recommended hospital care. Design: A Danish nationwide population-based follow-up study based on data from six national, clinical quality registries between November 2009 and December 2012. Setting: Public, non-psychiatric Danish hospitals. Participants: Patients with acute stroke, chronic obstructive pulmonary disease, diabetes, heart failure, hip fracture and bleeding/perforated ulcers. Interventions: All hospitals were accredited by the first version of The Danish Healthcare Quality Programme. Compliance with accreditation was defined by level of accreditation awarded the hospital after an announced onsite survey; hence, hospitals were either fully (n = 11) or partially accredited (n = 20). Main Outcome Measures: Recommended hospital care included 48 process performance measures reflecting recommendations from clinical guidelines. We assessed recommended hospital care as fulfilment of the measures individually and as an all-or-none composite score. Results: In total 449 248 processes of care were included corresponding to 68 780 patient pathways. Patients at fully accredited hospitals had a significantly higher probability of receiving care according to clinical guideline recommendations than patients at partially accredited hospitals across conditions (individual measure: adjusted odds ratio (OR) = 1.20, 95% CI: 1.01-1.43, allor-none: adjusted OR = 1.27, 95% CI: 1.02-1.58). For five of the six included conditions there were an association; the pattern appeared particular strong among patients with acute stroke and hip fracture (all-or-none; acute stroke: adjusted OR = 1.39, 95% CI: 1.05-1.83, hip fracture: adjusted OR = 1.57, 95% CI: 1.00-2.49). Conclusion: High compliance with accreditation standards was associated with a higher level of evidence-based hospital care in Danish hospitals.
Introduction
Receiving treatment according to clinical recommendations when hospitalized is an ongoing challenge worldwide. Accreditation provides a framework for quality improvements that guide the hospitals to reflect on recommended care and to initiate improvements when necessary [1, 2] . Although the use of accreditation has increased tremendously in the last 2 decades, there is limited evidence for its effectiveness on the care provided by the hospitals [3] [4] [5] [6] [7] .
The use of recommended hospital care is in Denmark continuously monitored through process performance measures reflecting recommendations from national clinical guidelines [8] . Only one study have to our knowledge investigated the relationship to compliance with accreditation, however, it was inconclusive due to clustering of hospitals within one accreditation category combined with too much variation in the recommended care provided [9] . Other studies have investigated accreditation and recommended hospital care by comparing accredited with non-accredited hospitals with some [9] [10] [11] [12] but not all being in favour of accreditation [13] [14] [15] . Most of the studies were limited by restriction to specific diagnostic groups (e.g. patients with stroke, heart failure or cancer) and therefore only include a small number of performance measures. Furthermore, a comparison between accredited and non-accredited hospitals may introduce a substantial risk of selection bias reflected in these studies by accredited hospitals more often being larger, having teaching status, and being located in cities, perhaps as result of accreditation being voluntary [10, 11, 13] .
Denmark is a unique setting to examine the association between compliance with accreditation and recommended hospital care since both accreditation and continuously monitoring of process performance measures have been mandatory for all Danish hospitals for years. Previous Danish studies have revealed lower 30-day mortality, shorter length of stay and improvements in recommended care [16] [17] [18] . Thus, we hypothesized that patients treated at hospitals fully compliant with accreditation standards were more likely to receive the recommended process performance measures according to clinical guidelines than patients treated at hospitals partially compliant with accreditation standards.
Methods
A nationwide population-based follow-up study was performed by linking data from the national accreditation programme with data on recommended hospital care from six national clinical quality databases. The registries encompass all potential patients with these conditions, as all Danish citizens have free access to healthcare because of tax-funding [19] .
Accreditation in Denmark
All Danish, public hospitals were accredited from 2010 to 2012 by the first version of the Danish Healthcare Quality Programme (DDKM; in Danish: Den Danske Kvalitetsmodel) (www.ikas.dk). This mandatory programme comprised of 104 standards by means of a generic template incorporating the Plan-Do-Study-Act cycle (PDSA) to facilitate improvement. The first version of the DDKM incorporated specific standards for 10 diseases to ensure the patients received diagnostic work up, care and rehabilitation in accordance with national clinical guidelines. The standards described the need for clinical guidelines (plan), the awareness and use of guidelines by the staff (do), reporting to national clinical quality registers as documented by the existence of the annual reports from the national registries (study) and improvement initiatives made in case inadequate recommended care was identified (act). Thus, the actual performance on the measures in the clinical registries did not factor into the decision on compliance with the standard or accreditation decision.
A survey team assessed compliance with the DDKM during an announced, onsite survey [20] . The surveyors used the measurable elements to assess compliance by grading them on a three-point scale containing fully, partially or not met. All findings were documented in a survey report forwarded to the Accreditation Award Committee whom awarded the level of accreditation to the hospital as a whole; either fully or partially accredited (first proceeding). If a hospital was partially accredited, it was offered a follow-up activity by either having a return visit by a reduced survey team or to submit additional documentation. After completing this activity, a final level of accreditation was awarded (final proceeding). All survey reports are fully accessible at public website including information on the first and final proceeding (www.sundhed.dk). We defined hospitals compliance with accreditation in accordance to the first proceeding, because this was to reflect the hospital's genuine ability to incorporate quality improvement within their organizations.
Not all 104 standards aimed to have a direct impact on the provided care. Before study start, we therefore used an expert group with extensive knowledge of the DDKM and/or the Danish healthcare system to identify standards with an expected possible direct impact on recommended care. Each expert selected the standards considered to have an impact on recommended hospital care and afterwards ranked these according to importance. We hereby identified the 25 highest prioritized standards and included for further analysis those whom were selected by at least three experts and where at least three hospitals did not met the standard. Hospitals compliant to all selected standards were referred to as compliant hospitals and hospitals partially or not compliant to one or more standards as non-compliant.
Recommended hospital care
Recommended hospital care reflected the hospitals ability to provide a patient with clinical, evidence-based care. We assessed recommended hospital care using process performance measures in six national clinical quality registries reflecting recommendations with national clinical guidelines. The registries cover six major or severe medical conditions; acute stroke, chronic obstructive pulmonary disease (COPD), diabetes (including outpatient contacts), heart failure, hip fracture, and perforated and bleeding ulcers [21] [22] [23] [24] .
The registries were established through a national initiative from 2000 and onwards with the aim to monitor and improve recommended hospital care for specific conditions [25] . The registries all focus on process performance measure monitoring combined with systematic auditing. For each registry, an expert group involving multidisciplinary professions identified and defined a number of process performance measures based on scientific evidence and feasibility of data collection. Reporting to the registries is mandatory according to Danish law. The staff responsible for treating the individual patient reported whether the process performance measures were fulfilled or not (coded 1 or 0, respectively) in accordance with predefined, exhaustive criteria established by the expert group. Data was collected prospectively upon admission/outpatient contact. The registries check completeness and quality of data provided through audits and comparisons with administrative registries on a continuously basis [26, 27] .
A total of 48 process performance measures were included (content of and timeframe for each measure are listed by medical condition in supplementary 1). All registries accommodate the possibility to classify a patient as 'not relevant' for some processes performance measures due to, e.g. contraindications or if a patient is dying. Consequently, the numbers of patient pathways varied for the included process performance measures in each condition.
Study population
We identified all patients assessed to receive one or more eligible recommended processes of care in the six registries. The patients were included if the recommended hospital care were to be provided Figure 1 Flow chart of patient pathways included for the six medical conditions combined and separately.
in the period from ±6-month from the hospitals first day of onsite survey. This period was considered appropriate as an enhanced effort to get the staff to work in accordance with requirements of the accreditation programmes were started~6 months before the onsite survey, and additional work to become fully compliant most likely ended within 6 months after the onsite survey. Thus, data was gathered from 15 November 2009 to 13 December 2012. For each medical condition, we included a patient's first clinical pathway. Consequently, a patient could be included with two or more medical conditions as we considered fulfilment of process performance measures according to one condition to be independent of fulfilment in another condition.
Statistical analysis
Recommended hospital care was evaluated by examining a patient's probability of receiving (i) the individual recommended process of care hereby referred to as individual measure and (ii) all recommended processes of care in his/hers clinical pathway reflected by an composite all-or-none score referred to as all-or-none. We computed the individual measure by dividing the number of times the processes were provided in accordance with the recommendation by the total number of eligible patients. All-or-none was computed as the proportion of patients receiving 100% of the recommended processes of care in his/hers clinical pathway. Across conditions we analysed the two measures by comparing the delivered care by compliance with accreditation, follow-up activity and according to hospitals compliant or non-compliant with the a priori selected standards combined and separately. Odds ratios (OR) with 95% CI were computed using logistic regression including adjustment for medical conditions. Robust standard error estimation was likewise included in the model with hospitals as cluster variable to ensure that within-hospital grouping was taken into account. We did not adjust for other patient related covariates, as only patients relevant to receive the individual processes of care were included in the study. Missing data was excluded from our analyses; the proportion in the registries was low (<10%) and expected to be missing completely at random. All analyses were repeated for each medical condition separately (data not shown for a priori selected standards). Stratified analyses were conducted according to previous accreditation (yes/no), and university affiliation (yes/no).
A sensitivity analysis was performed to account for any possible misclassification due to by nature inexperience owing to this was the first cycle of DDKM accreditation. Compliance with accreditation was reassessed using the rating principles of 2012 developed to ensure a transparent allocation of level of accreditation. Three specialists performed the reassessment using of pre-specified protocol and any differences were solved by consensus. Hospitals were hereafter re-categorized as fully, partially or non-accredited.
Additionally, a multilevel regression analyse was performed. However, because the results did not substantially change the estimates, we only presents the results of the logistic regression in this article (please see the supplementary 2 for results of the multilevel model).
A two-sided significance level of 0.05 was used in the statistical tests performed using STATA, version 12 (StataCorp. 2011. College Station, TX: StataCorp LP).
Results
We included 68 780 patient pathways covering 449 248 process performance measures. Figure 1 illustrated the inclusion of the patient pathway, including numbers of pathway per medical condition. The patients were treated at 31 public, non-psychiatric hospitals of which 11 were fully and 20 partially accredited equivalent to 31.6% Tables 1 and 2 , respectively. The results remained virtually unchanged when stratifying hospitals according to previous accreditation or university affiliation (data not shown).
The findings according to follow-up activity indicated that patients at hospitals submitting additional documentation and with no follow-up to a higher extent received the recommended hospital care compared with patients at hospitals having a return visit. A priori selected standards with potential direct impact on recommended hospital care
Five standards were identified a priori to have a potential impact on recommended hospital care of which four dealt with organizational aspects and one with clinical aspects (please see Table 1 for further details). Using patients at non-compliant hospitals as the reference group, patients at compliant hospitals were more likely to receive the recommended hospital care (individual measure: OR = 1.16, 95% CI: 0.95-1.41 and all-or none: OR = 1.24, 95% CI: 0.98-1.57). The main driver of this finding was attributed to the standard 'risk management' (individual measure: OR = 2.31, 95% CI: 1.58-3.37 and all-or none: OR = 2.36, 95% CI: 1.43-3.90).
Individual medical conditions
Stratification by medical conditions yielded a variation between conditions in the ability to provide a patient with the recommended care as shown in Table 3 . The largest difference in the performance between fully and partially accredited hospitals was found among patients treated with acute stroke and hip fractures (all-or none; acute stroke: OR = 1.39, 95% CI: 1.05-1.83 and hip fracture: OR = 1.57, 95% CI: 1.00-2.49) (please see supplementary 3 for further details).
Analysing the individual process performance measures demonstrated that patients at fully accredited hospitals were more likely to receive the recommended hospital care than their counterparts treated at partially accredited hospitals; for the conditions acute stroke, COPD, diabetes and hip fracture for almost all measures, as illustrated in Fig. 2 . In contrast, the probability of receiving the recommended hospital care for patients with heart failure was highest for patients treated at partially accredited hospitals, whereas no difference was found for patients with ulcer.
Discussion
Our study based on data from almost 450 000 processes of care revealed a higher probability of receiving the recommended hospital care according to clinical guidelines recommendations for patients treated at fully accredited hospital compared with partially accredited hospitals. The study demonstrates, that Danish hospitals in general provided a high percentage of the recommended care to patients (individual measure: fully accredited 89.53% vs partially accredited 88.06%). Nevertheless, one-third of the patients did not receive the full bundle of recommended care, which highlights the need of an ongoing focus on delivering adequate care. Especially in the light of previously studies that have demonstrated improved patient outcomes, including survival, for patients provided with all of the recommended care (all-or-none) [28] [29] [30] .
Our finding supports our hypothesis and are in line with our previous two studies [16, 17] . The introduction of a framework for continuous quality improvement at the hospitals may help us to understand the mechanisms behind this association. By utilizing the PDSA in the standards, the DDKM encouraged the hospitals to incorporate the framework as a part of their quality improvement process. Hence, the patients' chance of receiving the recommend care enhances when the staff works in according with guiding documents reflecting clinical evidence-based guidelines (or best practice). Our findings indicates that partially accredited hospitals still have work to do to provide their patients with the recommended hospital care. In the light of Bogh et al.'s findings, a second cycle of accreditation may reduce the gap in delivered recommended care between partially and fully accredited hospitals because hospitals delivering recommend hospitals care below best-practice target values were positively affected by the DDKM accreditation [18] .
To what extend fully and partially accredited hospitals used the DDKM accreditation as a framework to initiate quality improvements is unknown. Compliance with accreditation could alternatively, be a marker for high-performing hospitals characterized by the ability to achieve high compliance with accreditation standards simultaneously with delivering high-recommended hospital care. Hence, the nature of the revealed association remains to be further investigated in order to understand the contributing reasons [31] .
An essential part of the clinical registries is to provide continuously feedback (monthly and annually) at national, regional and local level including structured clinical audits. The audits have throughout the years increased the probability for receiving the recommended care [32, 33] . However, this does not explain the differences between fully and partially accredited hospital ability to provide the recommended care. All hospitals, irrespectively of their compliance with the accreditation programme, had the possibility to participate in the auditing process.
The strength of the study is that the presented association is unlikely to be influenced by selection bias, and missing values in the clinical registries are considered to be missing completely at random owing to data is collected prospectively. The assessment of patients considered non-eligible for the individual measure was based on exhaustive criteria defined by expert groups with extensive knowledge on the diseases minimized the risk of differences in registration practice at fully, and partially accredited hospitals. Furthermore was level of accreditation award~3 months after the onsite survey, thus, for almost the entire inclusion period information on exposure was unknown to the staff reporting data. Previous accreditation and university affiliation did not influence the results presented, however we cannot rule out other hospital characteristics influencing the association.
Incorrect registration of the process performance data due to gaming is, however; at least in theory, a possibility as results from the registries are used quarterly, and annually to bench mark the units. However, there is no financial incentive for reporting correct measures; thus, any misclassification is considered to be of nondifferential nature.
The unknown validity of the assessment of compliance with accreditation is a limitation in this study. Until now, there are to our knowledge no published studies confirming the reliability of survey team judgements [7, [34] [35] [36] . A recent publication have identified six issues of importance to survey reliability and thereby essential for the credibility of accreditation [36] . In the Danish setting the first three factors; accreditation programme, governance and philosophy, and accrediting agency management of the accreditation process were accommodated, as only one accreditation body was responsible for the entire programme ensuring a similar approach in all surveys conducted. Three procedures were likewise put into practise in the effort to minimize potential variation; (i) structured survey plans including interviews addressing specific standards were used in all survey [20] , (ii) survey teams meet several times daily to discuss and obtain consensus on any potential findings and (iii) survey reports were checked for consistency with the rating principles. This was done in order to reduce intra-surveyor and inter-survey team variation. However, we have no information on the last three factors; survey team dynamics, individual surveyors, or the hospitals approach to survey which are emphasized as important for the surveys reliability by Greenfield et al. [36] .
Conclusion
High compliance with accreditation standards was associated with more evidence-based hospital care at Danish hospitals. This finding supports the hypothesis that efforts to ensure compliance with accreditation standards may translate directly into better patient care.
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